Investor attention is an important concept in behavioral finance. Many articles have conducted cross-disciplinary research leading by this concept. In this paper, we use data extraction technology to collect a large number of Baidu Index keyword search volume data 1 . After analyzing the data, we draw a conclusion that has not been paid attention to in all the past research. We find heterogeneity in searching by internet users in China. Firstly, in terms of search behavior, internet users are more inclined to use the PC end to obtain information when facing areas which need to be taken seriously by them. Secondly, attention is heterogeneous while searching. When Internet users search for information in mobile end, their attention is divergent, and search for seemingly unrelated keywords at the same time which limits their attention to information.
Introduction
Investor attention can't be obtained directly through observation in the behavioral finance field. With the rapid development of Internet technology and the advancement of information storage technology, massive amounts of Internet data are produced, generated and stored by Internet participants. These data, which leave traces of Internet users' access to information by means of data storage technology, can provide wide exploration space for scientific researchers.
Classical financial theory holds that asset price is the discounted value of expected return of assets. Investor attention or investor sentiment plays no role in the formation of stock prices. Rational investors will optimize the statistical characteristics of their portfolios under competitive circumstances, which will lead to a equilibrium between the price and the discount value of the expected cash flow. Meanwhile, even irrational investors do exist, whose demand will be compensated by arbitrageurs. So the price will not be affected. The capital asset pricing model assumes that information is immediately reflected in the price after it is received by market participants. The premise of this hypothesis is that as market participants, they should continue to pay full attention to their assets. However, market anomalies, such as "media effect", "earnings announcement effect" and "overconfidence", were founded in many studies, can't be explained by classical theory. In fact, attention is an extremely scarce resource. Financial market participants' attention is also a scarce resource, who have limited acceptance of information and attention.
Google and Baidu search engines, as the main tools for Internet users to access information, provide Google Trends and Baidu Index respectively. While engraving the traces of Internet users' searches, they also provide an effective way for researchers to measure investors' attention, which has become a hot area of academic research in recent years. Baidu had more than half of China's search market share, before Google withdraw from China (Oct, 2010) [1] . Since that, the share of Baidu in China's search market has remained over 70%. Through search engines, micro-individuals conduct hundreds of millions of searches every day. Internet users' collective wisdom and financial market participants can be regarded as a complex system consisting of many interactive subunits that can respond quickly to external changes [2] . Naturally, we will ask whether there is a link between the search volume of keywords in search engines and financial market volatility.
The remainder of this paper is structured as follows: Section 2 reviews the representative articles by using Google Trends or Baidu index to predict financial market volatility; Section 3 is data description and discussion; Section 4 demonstrates the results; The conclusions and prospects for future research are also presented in the Section 4.
2. Literature Review During the past decades, many studies have focused on the Baidu index and Google Trends predicting financial market volatility. In Table 2 .1 lists representational researches. In much earlier studies, there were no direct variables that measure investors' attention. Thus, some indirect variables, such as trading volume [10] [11] , news and headlines [12] [13] [14] , advertising costs [15] [16] , were used as investors' attention. These assumptions, which regard when the trading volume of a stock is abnormal or the code (or name) of a stock appears in the news media, investors will pay attention to the corresponding market changes, are generally very harsh. As media coverage itself, doesn't mean that investors will pay attention to. The relevant information will be worthy only when it is read by the investors. Although a large amount of information is now produced on the Internet, it is inappropriate to be an agent variable of investors' concern. Thus, it is not precise by using manufactured internet information to predict financial market volatility. Baidu Index and Google Trends represent the attention of internet users on political, economy and social life, which reflect spontaneous behavior. Besides financial market volatility predicting, Baidu Index and Google Trends have also played an important role in research of cultural communication [17] , geography [18] , influenza prediction [19] , which provides a brand new visual angle for researchers and draws many novel conclusions.
From Table 2 .1, we can find some problems by using Baidu Index and Google Trends in financial market volatility predicting.
Firstly, researchers from China mainly choose Baidu Index, while western researchers only use Google Trend. According to the annual monitoring report of Chinese search engine issued by Erie Consulting over the years, Baidu has been in a monopoly position in the Chinese search engine market. Similarly, for internet users worldwide, Google has always been the most frequently used search engine [20] . Through the Table 2 .1, we can clearly figure that, the research articles that combine Baidu Index and Google Trends are rare. This could be a new direction for researchers who are interested in this field.
Secondly, Baidu Index has always been unable to be downloaded, which make it more difficult to obtain keyword data than Google Trends. Most Chinese researchers collect Baidu Index manually, which is the main reason for the short time span in their works. With the development of data extraction technology, in T. Preis et al. (2013) and Zhou et al. (2018) 's research, the number of trend (index) keywords extraction is more abundant, and the extraction span has been greatly increased than former papers.
Thirdly, recognizing search engine users' search behavior and identifying it as investors' attention for financial markets is a key point in this research field. When internet users search for "Yili (伊利)", "Mengniu (蒙牛)" or "Apple", they are more likely to purchase (or obtain services) online for these "keywords" than to collect these companies' financial market information. Since the listed company's name has multiple meanings, such as "Baiyun Airport (白云机场)", "Industrial and Commercial Bank of China(工商银行)", "Southern Airlines( 南 方 航 空 )", "Amazon" or "Microsoft", which will make this situation more common. At the same time, investors may use different keywords when searching for the same companies, such as "Maotai (茅台)", "Kweichow Moutai (贵州茅台)" or 600519 (stock ticker of Kweichow Moutai ); "American Airlines", " AAR Crop", "AA" or "AAR". The inherent property of Chinese makes its information density higher than all alphabetic languages [21] . Therefore, when searching in Chinese, the collocation or synonym expression will be less than that in alphabetic languages, which is also the main difference between using Google Trend and Baidu Index to obtain keyword data. Taking the word "profit(利润)" as an example, there are five common expressions in English: profit (s), margin (s), return (s), gain (s) and earning (s), while there is only one expression in Chinese. Since tickers of listed companies' are unique, when internet users search for "BABA" or "600519", it is obvious that the main purpose of them is to obtain financial information of the corresponding companies.
Fourthly, most papers use traditional statistical methods. Y-L Zhou et al. (2018) use Long Short-Term Memory Neural Network to predict the volatility of Shanghai-Shenzhen 300 Index by regularizing 28 keywords search volume to describe the financial market. The prediction effect is better than GARCH model.
Data Description and Discussion
Baidu Index provides daily data and weekly data of keyword search volume. When the search cycle is more than 12 months, Baidu Index returns weekly search data of keywords. Fig 3. 1 is the keyword "stock" from Baidu Index. The starting time of search volume on PC end is June 1, 2006, and that on mobile end is January 1, 2011. In the left corner of Fig 3. 1, there is a watermark "@index.baidu.com" 2 . For Baidu Index doesn't provide keywords downloading in any format, therefore, we complied a picture recognition program based on Python to capture the selected keyword from Baidu Index. Because of the existence of watermark, in the process of recognition, the coordinates represented by the watermark will be recognized as the search volume, resulting in 5% recognition error. For the error part, we made a manual comparison and correction for each keyword.
By [22] , and the conclusion that Chinese semantics information in Pellegrino (2011) is higher than that in native language, this paper selects the Baidu index of 28 keywords related to macro-economy and household consumption, as shown in Table 3 .1. By the end of December 2012, the number of mobile phone users in China was 420 million, accounting for 74.5% of the total number of Internet users 3 . By the end of 2017, 97.5% of Internet users use mobile phones to access the Internet, with a population of 753 million. The usage of desktop computers, laptops and tablets were all declined, and mobile phones continue to occupy the use of other personal internet devices 4 . In terms of data size, the search volume of keywords on PC end ranges from June 1, 2006 to October 29, 2017, and on mobile end from January 1, 2011 to October 29, 2017. Through tables 3.2 and 3.3, the number of observations at PC end and mobile end is 4169 and 2494, due to the characteristics of data provided by Baidu Index. By comparing the mean data, we can find that the average number of keyword searches on PC end is significantly higher than that on mobile end: real estate, stock, advertising, luxury goods and office buildings. When internet users in China, want to know or consume on the field which need to spend a lot of money and require their cautious strategy, such as real estate, office buildings, automobiles, they tend to search on PC end to collect information and intelligence. This result is quite different from the findings in footnote 4.
Descriptive Statistics
To further validate the above conclusion, descriptive statistics are made on the search volume of PC end at the same time as mobile-side, as shown in Table 3 By comparing Table 3.3 and Table 3 .4, it can be found that the search volume on PC end of the keyword "auto buyers" is lower than the average search volume on mobile end. The keywords' search volume on PC end, such as "real estate", "stock", "advertisement", "luxury goods" and "office building", is still higher than mobile end. Respectively, keyword "stock", the average search volume of PC and mobile end are 15519. 16 and 14180.85. This result, while demonstrates that the number of mobile internet users is huge, which also confirms that internet users are more inclined to use PC end to collect data and information when they face risky financial products and large consumer goods in order to make prudent decisions.
By comparing the above three tables, we can draw a conclusion that there is heterogeneity in search behavior between mobile end and PC end internet users in China. Internet users will be more prefer to use PC for knowledge acquisition and information collection in areas involving financial markets, financial products, real estate, automobile, which need their "serious" and "prudent" treatment. Meanwhile, keywords related to macroeconomy, consumer goods and negative words are more likely to be searched through mobile end by using fragmentation time. This conclusion is contrary to the rapid development of mobile devices, and also to the intuitive cognition.
In addition, the correlation analysis is reported in Table 3 .5 and Table 3 .6. Table 3 . According to the results reported in tables 3.5 and 3.6, the correlation coefficient between keywords search volume is basically less than 0.8, which indicates that there is no strong correlation between keywords both in PC end and mobile end. The correlation coefficients of "education" with "financial derivatives" and "automobile finance" in PC end are -0.55, while in mobile end, the correlation coefficients are 0.322 and 0.593 respectively. This shows that, for the same keywords, there are differences in search behavior and habits between different terminal internet users.
In PC end, the keywords with high correlation with "real estate" are "education" (0.578), "economy" (0.584), "bond" (-0.421); while in mobile end, the keywords with high correlation with "real estate" become "debt"(0.602), "leverage" (0.64), "advertising"(0.655), "education"(0.496), "marriage" (0.557), "auto buyers"(0.704), "auto finance"(0.738), "credit card"(0.642),"bank" (0.703), "bond"(0.58). In the mobile end, the correlation coefficient between keywords that seem unrelated is very high. This shows mobile users tend to search more diversified, which also proves their lack of attention.
3.2 Discussion After comparing the above keywords, we can find several rules. Firstly, the correlation of mobile keyword search volume is generally higher than that of in PC end. Secondly, for example, the keyword "real estate", in the PC end, has a strong correlation with the keywords, which have certain inherent search logic between them. While in mobile end, there is also a high correlation between "real estate" and the keywords without any logical connection.
Conclusion
In this paper, we find heterogeneity in searching by internet users in China. Firstly, in terms of search behavior, internet users are more inclined to use the PC end to obtain information when facing areas which need to be taken seriously by them. Secondly, attention is heterogeneous while searching. When Internet users search for information in mobile end, their attention is divergent, and search for seemingly unrelated keywords at the same time which limits their attention to information. Therefore, although the number of mobile end users has far exceeded that of PC end users, because of the heterogeneity of search behavior and attention concentration in information acquisition, if the research field needs to be taken seriously by information acquirers, the Baidu Index of PC end is chosen as proxy variable, which more likely has lower data noise and more accurate results.
In order to test the conclusion of this paper, different algorithms can be introduced to apply the data of PC and mobile terminals, and the prediction accuracy of different algorithms can be compared. This is the main limitation of our paper. In future research, we will use different algorithms to validate this conclusion.
